ABSTRACT
INTRODUCTION
Various hormones such as FSH, LH, inhibin, prolactin, insulin and many others are associated with various states of reproduction in both humans and animals. Hormones are divided into several endocrine axes according to their modes of actions. For example, there are hypothalamic-pituitarygonadal axis (HPG), hypothalamic-pituitary-adrenal axis (HPA) and hypothalamic-pituitary-thyroid axis (HPG) according to traditional understanding of hypothalamic-pituitary release of hormones. As well, a novel concept in endocrinology that relates to energy regulation is the gut-brain axis. this axis is involved in the regulation of satiety, food intake, glucose and fat homeostasis, insulin secretion and bone metabolism. A number of hormones such as insulin, glucagon, cortisol, epinephrine, leptin, adiponectin, GH and prolactin, which are involved in energy metabolism, are included in so-called "energy" axis by some authors [3, 11, 13, 15, 27, 31] . A hormone inhibin was studied relatively later and it has been revealed that the hormone is glycoprotein consisting of alfa and beta dimers, which is produced in ovarian granulose cells in females and testicle Sertoli cells in males, its synthesis is stimulated with the increase of FSH in the blood and the hormone inhibits FSH release from pituitary gland [10, 25, 28 Production and secretion of prolactin is elevated during pregnancy, and this hormone has been recognized as a potent growth factor for pancreatic beta-cells [2, 18] . Prolactin metabolism appears to differ between species. For example, studies with human subjects have shown a higher prolactin release after eating in women than in men [4] . In addition, the time at which prolactin peaks after eating appears to differ among species. For instance, prolactin peaks approximately 1 h post-eating in humans [24, 4] but at 6 h in cattle. As well, prolactin concentration is high in stallions during breeding season [8] . Insulin might be partially responsible for this post-prandial hyperprolactinemia [35] .
The present study aims to reveal relationships between some circulating hormones, which belong to HPG and energy axes, during various states of reproduction of Mongolian horses.
MATERIALS AND METHODS

Animals and blood sampling
In the study, a total of 38 native Mongolian horses (5-9 years old), kept on open pastures in the areas about 50 km far from Ulaanbaatar city, were selected and mares were classified into estrus, diestrus, early, mid and late pregnant ones according to their reproductive states. The blood samples were collected from jugular vein into vacutainer tubes. Serum samples were harvested and stored at -20 0 C until assayed.
Hormonal assay
Horse blood serum inhibin B and prolactin concentrations were measured by Inhibin B and Prolactin ELISA test kits (DSL, Webster, Texas, USA) according to the manufacturer's instruction. Intra and inter-assay CVs were 9.3% and 10.6% for inhibin B and 7.9% and 6.8% for prolactin respectively.
Blood serum FSH and insulin concentrations in both stallions and mares were measured by solid phase Equine FSH and Equine Insulin ELISA test kits (Endocrine Technologies, INC, Newark, USA) according to the manufacturers protocol. Intra and inter-assay CVs were 8.6% and 9.3% for FSH and 10.1% and 9.8% for insulin respectively. Pregnancy of mares were checked by solid phase sandwich PMSG-ELISA test kit (DRG Instruments GmbH, Germany). Intra and inter assay CVs for PMSG were 7.9% and 8.6% respectively.
Statistical analysis
Pearson's correlation coefficient was used to examine the relationship between concentrations of the hormones. All data of measurements were calculated by using Student's test. Results with a P value of <0.05 were considered to be statistically significant.
RESULTS
Concentrations of FSH and inhibin B of HPG or reproductive axis, and prolactin and insulin of energy axis were measured in blood serum of Mongolian horses with respective immunoassays. As well, these hormones were also measured in blood serum of stallions with the purpose of assessing their reproductive activity. Concentrations of blood serum FSH, inhibin B and prolactin in mares during various reproductive states such as estrus, diestrus, early, mid and late pregnancy periods were compared. In order to measure concentrations of blood serum hormones in mares, the animals were divided into 2 groups with that whether they are conceived or in estrus, and both groups were compared with each others. [6] found that stallions exhibited a prolactin response that was approximately twice that observed in mares. Prolactin secretion in horses may be stimulated by aspects of eating other than the feed-stuff itself [24] . Total feed deprivation had little effect on the subsequent prolactin response to a meal or to other known secretagogues [20] . According to results of our study, prolactin concentration was higher in stallions than mares, but it remains unclear whether prolactin response after grazing. According to Thompson et al [30] mares had higher prolactin concentrations in serum than stallions during summer.
For periods of estrus, diestrus and pregnacy, serum prolactin concnetrations in mare ranged between 4.3±0.2 (mid pregnancy) and 9.3±0.5 ng/ml (late pregnancy). Heidler et al [12] analyzed growth hormone (GH), insulin-like growth factor 1 (IGF-1), leptin, luteinising hormone (LH) and prolactin in mares from late pregnancy throughout lactation, and noted prolactin concentrations reached a maximum in the week of foaling and decreased rapidly thereafter. As reported by Billestrup and Nielsen [2] prolactin concentration increases in pregnant woman and the hormone is seen to be a potential growth factor for beta cells of the pancreas. According to Worthy et al [36] plasma prolactin concentrations increased significantly in the last week of pregnancy and remained high although variable in early lactation. Also in our study serum prolactin rose in late pregnancy period. It means besides of relations between these hormones and various reproductive states, both prolactin and insulin concentrations can be interrelated. Therefore such change can also occur in other mammals, including horses. In our study, there was slight correlation between these hormones in pregnant mares. Some authors noted pregnancy is associated with alterations in the regulation of glucose metabolism caused by the actions of human placental lactogen (prolactin) and progesterone; these hormones antagonize the actions of insulin, leading to a state of relative insulin resistance as pregnancy progresses [17] . Despite there were some findings in regard to interrelationships between several hormones including blood serum FSH, inhibin B, prolactin and insulin in our study, more detailed studies will be necessary in relation to a whole set of hormones belonging to both reproductive and energy axis during various states of reproduction in animals.
CONCLUSION
Results of the present study demonstrate that each hormones measured in this study have their own characteristics depending on states of both reproduction and metabolism. Based on above mentioned results, it has been concluded that FSH and inhibin B concentrations in blood of horses change with inverse relationships during estrus of mare and it is possible to determine reproductive activity of stallions with concentration of inhibin B in blood serum. As well, there is a tendency of having relationship between FHS and inhibin B of reproductive axis and metabolic hormones such as insulin and prolactin. Reproductive states including estrus and pregnancy are closely associated with hormones of energy exis, because any physiological processes, especially reproductive functions, which are regulated by hormones such as FSH and inhibin B require energy in the animal body, which is regulated by various factors, including hormones of energy axis.
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